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ABSTRACT
THE ROLE OF ENDOPHYTES IN CONFERRING SALINIGY TOLERANCE IN
SPARTINA PECTINATA (PRAIRIE CORDGRASS) AND TRITICUM AESTIVUM
(MINT – WINTER WHEAT)
JEFFERY BARTEL
2020
Prairie Cordgrass (PCG) Spartina pectinata is a native grass to North America
that survives saline conditions, can be harvested multiple times in a year, and can be used
as biofuel. Endophytes are bacteria that reside in plant tissues and often have growthpromoting capabilities. They can assist plants by obtaining nutrients by improving the
tolerance of plants against a broad range of stresses, such as plant pathogens, viruses,
flooding, drought, acids, or bases. PCG can survive ocean levels of salinity. Endophytes
that naturally bond with PCG may not only be able to not only help PCG but be
transferred to other plants and confer the same salt tolerance to others. Several PCG
plants from salt sites were harvested, and several possible endophytes were then tested
for their ability to survive in salt solutions. Sixteen of the most promising endophytes
were tested in three short term greenhouse experiments to determine their viability.
Unfortunately, none of the endophytes tested outperformed the controls by statistical
analysis, but there are endophytes that performed similarly to the controls in some
metrics of the experiments. R3B Agrobacterium tumefaciens, L4A1 Bacillus haynesii,
R4B1 Bacillus cereus, and R5A1 Bacillus pumilus were some of the best and the most
valuable for others to test in future experiments.
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Chapter 1
Literature Review
1.1)

Drought and Saline Land
Much of the world is and will be suffering from a lack of water and increasing

levels of salinity. Agricultural land in South Dakota and many parts of the world have
unfavorable conditions that contribute to higher soil salinity (Weiqiang Li et al. 2005).
Internationally, more land is becoming increasingly saline, and it shows no sign of
stopping pushing many places to research many varied solutions (Sumner 2000; Bell et
al. 1994). Several factors make this problem even more complicated. The parent material
is one factor. When it is less than 10ft from topsoil to bedrock, and the bedrock is salt
rock, the land will become increasingly saline. Sodic soils can come from many different
types of salts. Common cations from those soils include sodium, magnesium, and
potassium, and common anions include chloride, sulfates, bicarbonates, and nitrates.
Many parent soils around the world have a wide range of salt mixes. Its highly unlikely
that any single chemical treatment applied to the soil could solve the problem. Chemical
solutions that work for some lands will not apply to other soils, and water treatments are
not a viable option for many areas in danger. Land can have a significant variation in
elevation, and this can further complicate factors. When it rains, or water is dumped,
water flows down and pools in the lowlands. The water is taking salt with it, and over
time excess salt gets dragged down to lower elevation such as slews, valleys, and other
lowlands. This process is difficult to reverse. The extreme examples of this are salt lakes,
and even they are becoming increasingly saline (Jones and Deocampo 2003; Williams
1996; Yechieli and Wood 2002). In some situations, the land is farmland that has been
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heavily fertilized. Excess fertilizers leave behind salt, slowly increasing the salinity of the
land, and when the land has poor drainage, this process is accelerated. Salt pollution,
internationally speaking, is a very serious issue and threatens agricultural production on
many soils.
Higher levels of salinity make it hard for plants to survive in the soil. Plants such
as PCG and mangroves can tolerate high amounts of salt, in some cases, even ocean
levels of salinity. However, most agricultural used plants have a much lower level of
saline tolerance and show very low productivity on soils with higher soil salinity. An
increase in soil salinity will also negatively affect soil health. For example, earthworms
will struggle to break down organic matter and to release nitrogen trapped in this organic
matter (Tao et al. 2012). High soil salinity also threatens the livelihood of many farmers.

1.2)

Prairie Cordgrass (PCG)
Prairie Cordgrass Spartina pectinata (PCG) is valuable not only for its plant

characteristics but also how it can impact the environment for the better.
PCG has garnered interest as a crop for biofuel. Unlike corn, it can be harvested
multiple times per year. Unlike other prairie grasses like switchgrass (Panicum virgatum)
or bluestem varieties (Andropogon), it can survive in ocean levels of salinity (Arvid Boe
et al. 2017; A. Boe et al. 2009). PCG has a higher rate of production than switchgrass,
even in short-season areas (A. Boe et al. 2009). Even cell cultures of PCG have a very
high tolerance of NaCl (Warren et al. 1985). The plant itself is a mesic species with
epistomatal leaves roll into spirals with their adaxial surface inward (Heckathorn and
Delucia 1991). These functions allow the plants to show prolonged activity in drought
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and flood conditions. PCG has also been observed to extract salt from the soil and lower
the water table. If it takes up too much salt for the plant to handle, the excess is found on
the leaves as a brittle coating. (James Stubbendieck 2017) PCG is native to North
America, appears in grasslands and wetlands. Its natural habitat extends as far north as
Canada and as far south as Texas but not in Mexico (James Stubbendieck 2017;
Zilverberg et al. 2014). When compared to other C4 perennial grasses, not just PCG but
also other plants of the genus Spartina have the most northerly distribution at 60°N
latitude. (Potter et al. 1995). In its niche, it’s one of the few plants in the Great Plains that
can form a monoculture outcompeting even cattails in the genus Typha.
It is not just salinity tolerance that allows it to have a positive effect on the
ecosystem. Wetland plants like PCG primarily have a competitive advantage with certain
plant traits such as biomass, plant height, canopy diameter, canopy area, and leaf shape
(Gaudet and Keddy 1988). This allows PCG to create a monoculture in the Great Plains
area. It is very tolerant against cold conditions (Friesen et al. 2015), highly resistant to
flooding (Bonilla-Warford and Zedler 2002). PCG has the highest rate of surviving
waterlogging and flooding out of warm-season species such as Eastern Gama grass, Big
Bluestem, Indiangrass, and switchgrass (Skinner et al. 2009). It is aggressive enough that
even without fertilizer and minimal nutrients, it can curb some invasive grasses (Rofkar
and Dwyer 2011). It is a plant that can handle not only salt and water but is also resistant
against heavy metals. PCG has, for example, shown to be successful in the
phytoremediation of Cu, Ni, and Zn (Korzeniowska and Stanislawska-Glubiak 2015).
Arsenic is a toxic metal that mature PCG can extract from the soil. (Rofkar and Dwyer
2011).
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It’s a plant that mostly concentrates on growing and developing through rhizomes.
The seed vitality is low, especially when compared to domesticated plants such as wheat,
rice, and corn. Each seed is in a spikelet, and many spikelets together make up the
panicle. Spikelets found at the top of the panicle are less likely to have viable seeds than
spikelets found at the bottom of the panicle (Arvid Boe et al. 2013). There are pests to be
concerned with as well. One moth species Aethes spartinana is a pest for PCG. The
larvae eat through the panicle and to the underdeveloped ovary causing irreversible seed
damage. While degree of predation changes depends on the area, it has been found to
lower seed production on average by 38% (Prasifka et al. 2012). There is a species of
gall midge Stenodiplosis spartinae that attacks the plant in a similar way to the moth
(Perilla-Lopez 2015). Seed germination, even in greenhouse conditions, can be difficult.
On the other hand, splitting the plant allows for easier propagation. While progress has
been made in making varieties with higher seed vitality, it is still an area that needs
improvement. However, for farmers losing their lowlands to flooding and increasing
levels of salinity, PCG as a biofuel crop may be the difference between losing and
keeping their way of life.

1.3)

Endophytes
Endophytes are normally bacteria that, in full or part of their life cycle, connect

with tissues of living plants, and cause minimal to no harmful effect. Many endophytes
provide beneficial effects to their plant. Many endophytes can be potentially beneficial
for future agriculture pursuits. Endophytes can colonize every plant but only 80% of all
plant species form beneficial endophytic connections. The other connections cause no
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significant effect. It is one of the factors that can make crops more resilient to stresses or
grow plants bigger and better (Akhtar et al. 2015). Specific to this thesis, many
endophytes have already been found to help plants survive various stresses such as
drought, flooding, saline, and toxic materials (Ahsan et al. 2018; Malinowski and Belesky
2000; Nahmina Begum 2018).
Some endophytes help plants thrive in saline environments through a broad range
of mechanisms. Some endophytes will limit NaCl uptake (Akhtar et al. 2015). Some
endophytes can sequester the salt. Some endophytes will release chemicals into the plant
to reduce the stress reaction, while others might extract excess salt from the roots. Some
endophytes even help with root growth so that the plant gets more water allowing the
plant to avoid drought, an outcome of high soil salinity. Endophytes can use multiple
mechanisms and can use different mechanisms depending on the plant they interact with,
and if the environment changes, it can also change mechanisms used. The
unpredictability of endophytic behavior increases the difficulty in experimentation, but
whether it’s one biological mechanism or a combination of mechanisms, it results in the
plants having higher saline tolerance. For many endophytes managing heavy metals is a
similar process to salt regulation. Some plants have been shown to help with heavy metal
contamination through photostabilization, and endophytes can assist in this process
(Ahsan et al. 2018; Nahmina Begum 2018). Photostabilization is a process of making
molecules that are active due to degrading and making them stable so that they are less
reactive. Many heavy metals are present in the soil as salts. Endophytes that can help
with the photostabilization of heavy metals also tend to have the ability to assist with
active salinity molecules that cause salinity stress.
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Some endophytes have been shown to assist the plant in reducing its drought
stress reactions (Sheibani-Tezerji et al. 2015). The reduction of drought stress on plants
from endophytes is complicated as multiple mechanisms can cause a reduction. Some
endophyte can help the plant find new water sources by giving the plant root growth
hormones, stimulating root growth towards pockets of water in the soil. Another
endophyte could release chemicals into the plant, such as ACC deaminase, to assist the
plant (Yaish et al. 2015). Some endophytes, such as mycorrhizal fungi, can symbiotically
form with multiple plants to share water. This can also happen with bacterial endophytes,
although on a smaller scale. Some endophytes have preferred plants to interact with, and
large bacterial colonies may interact with multiple plants of different species. In these
situations, the bacteria may take nutrients from other plants by breaking down the plant
tissue and transferring the degraded plant tissue to the preferred plant. The methods
above can create the effect of reducing drought stress. Some endophytes might only use
one, but many endophytes can employ multiple methods. The same endophyte may
change its behavior depending on the plant it associates with and this changes the effect it
has.
Further complicating things, many endophytes provide multiple benefits, and
what benefits they will provide for each species can be variable in many cases. One
endophyte may have numerous ways to deal with salinity, drought, and more. The same
endophyte may help different plants with different processes to provide the same result. It
is necessary to not only test the endophyte with the species it originates from as well as
every new species that it may be used. Some farmers have already found some
endophytes to be beneficial. Organic farmers are finding that endophytes make
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production more reliable (Ramos et al. 2011; Xia et al. 2015). Hydroponic and aquaponic
farmers also use endophytes for the benefits of crop production (Huo et al. 2012; Verma
et al. 2004). Farmers are already using various commercial endophytes with productive
results. For an increasing amount of people internationally, endophytes are a growing and
ever necessary option to consider when growing plants for their livelihood.
1.4)

Salt Sites History
The salt sites of Olivet, SD (43°14'39.5"N 97°47'44.2"W) and Tripp, SD

(43°16'08.7"N 97°59'40.1"W) have a history that made it desirable to extract PCG
endophytes from these places. These areas were originally so saline that no plants grew.
Salt crusts formed on the surface of the soil. Then PCG seeds were scattered on the land
and within three years the PCG extracted some of the salt from the land. This allowed
native plants of the area to start growing in the area. Within five years, the land went
from an salt-encrusted inhospitable to plant life to a thriving piece of the wetland prairie
ecosystem.

1.5)

Endophytes that were selected for this study
There are 13 bacterial endophytes that were tested in this work. These are: L1A

Bacillus licheniformis, L1B Pantoea agglomerans, R2A Bacillus stratosphericus, R3A
Bacillus australimaris, R3B Agrobacterium tumefaciens, R4B Pseudomonas kilonensis,
L2A1 Bacullus circulans, L4A1 Bacillus haynesii, L5C1 Bacillus paralicheniformis,
R3B1 Bacillus subtilis, R4B1 Bacillus cereus, R5A1 Bacillus pumilus, and PCG-41
Brevibacillus formosus. Each of these endophytes was tested for their growth-promoting
capabilities.
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The most important factor is their tolerance towards salinity and their impact on
the resistance of plants against salinity. Bacillus licheniformis, for example, has been
shown to increase salt stress tolerance in wheat (Singh and Jha 2016). Some strains of
Pantoea agglomerans have been shown to help salt stress in the biofuel grass elephant
grass (Xia Li et al. 2016), while some can induce saline tolerance in corn (Gond et al.
2015). Bacillus stratosphericus has been shown to be beneficial in the phytoremediation
of both heavy metals and lighter minerals such as salt (Kamaruzzaman et al. 2020).
Bacillus circulans, a known endophyte of mulberries, have been shown to engage in
phytoremediation when in constant contact with heavy metals. Some variations of
phytoremediation can also use this same process to sequester salt (Yilmaz 2003). Bacillus
pumilus has been demonstrated to play a significant role in protecting rice from salinity
stress (Jha, Subramanian et al. 2011). Agrobacterium tumefaciens has been used in
several experiments for genetic transformation, including inducing salt tolerance. The
bacteria have genes that tolerate salinity, and these genes have been replicated and put
into plants to transform genes, including successfully inducing salt tolerance (Wu, Chen
et al. 2005). Pseudomonas kilonensis is known to promote growth of barley under salt
stress (Cardinale et al. 2015) by breaking down and processing heavy metals along with
salt (Khalid et al. 2016). Complex molecules are broken down into smaller molecules that
can be sequestered or excreted, and the chemical breakdown reduces the protentional
energy of the complex chemical bonds and then reduces the toxicity of the metals. Not
only this, but it is also closely related to other endophytes that are associated with salttolerant species (Vyas et al. 2009). Bacillus subtilis has been shown to reduce salt stress
in white clover through hormone regulation (Han et al. 2014), and we know that this
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occurs because the bacteria release chemicals in the plant root hairs encouraging root
growth and upregulating antioxidant systems. (Abd Allah et al. 2018).
Plant growth-promoting factors also have been recorded for many of these
species. Bacillus licheniformis, for example, produces significant amounts of
physiologically active gibberellins, which are hormones that encourage germination, stem
development, and flowering (Gutiérrez-Mañero et al. 2001). The germination aspect is
important because viable seeds in saline soil may not germinate without significant
hormonal stimulation. Pantoea agglomerans produce IAA for plants and does not
interfere with mycorrhizal fungi with maize and chickpea (Mishra et al. 2011).
Pseudomonas kilonensis is among many Pseudomonas species that solubilize phosphate
from ground sources and to make it plant available (Miller et al. 2010). Strains of
Bacillus pumilus make significant quantities of physiologically active gibberellins
(Gutiérrez-Mañero et al. 2001) and indole-3-acetic acid along with assisting orchid
development (Tsavkelova et al. 2016). Bacillus licheniformis of many strains promotes
the growth of Eucalyptus by significantly increasing the growth of the root and aerial
parts of eucalyptus plantlets under greenhouse conditions during the summer and winter
seasons (Paz et al. 2012). Some strains of Bacillus cereus produces chitinase, a
biopolymer resistant to degradation and increases structural integrity in some plants
(Pleban et al. 1997). Some strains of Brevibacillus formosus produces protease, an
enzyme that helps plants break down complex unusable molecules into simple usable
molecules for plants (Chu et al. 2019). Bacillus circulans is a known endophyte for
mulberries (Ji et al. 2008). Agrobacterium tumefaciens occupies the nodules of sweet
clover (Ling Ling Wang et al. 2006) and pairs well with other endophytes to encourage
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nodulation (Jie Liu et al. 2010). It is also a known endophyte for rose plants (Martí et al.
1999). Pseudomonas kilonensis is a known endophyte for walnuts assisting in root hair
growth (Ghorbani and Harighi 2018). Bacillus paralicheniformis helps rice by creating
plant growth hormones (Kuźniar et al. 2019). Bacillus pumilus associates with sunflower
and produces jasmonates and abscisic acid (Forchetti et al. 2007).
The previous body of literature also records examples for improved resistance to
parasites. Bacillus licheniformis has been shown to suppress parasitic fungi by interfering
with fungi’s receptors (Huili Wang et al. 2009). Pseudomonas kilonensis associates with
corn (Vacheron et al. 2018) and helps it fight against parasitic fungi through releasing
biochemicals into the soil, breaking down fungi spores (Almario et al. 2017). Bacillus
stratosphericus suppresses bacterial and fungal pathogens by covering the outside of the
roots and acting as a physical barrier (Durairaj et al. 2017).
Bacillus haynesii has a close relationship with other endophytes such as Bacillus
licheniformis but may not be an endophyte itself (Nigris et al. 2018). Still, it survives in
dry and flooded soil while exposed to heavy salt (Dunlap et al. 2017). Bacillus
australimaris is related to other endophytes, but it is unknown whether it is a successful
endophyte (Yang Liu et al. 2016). All species have been screened in the literature, and
none of the tested species or strains show significant evidence that they are pathogens for
other organisms.
It’s no surprise that many of the possible endophytes come from the Bacillus
genus. Previous experiments and documentation allude to this (Lopes et al. 2018). Many
are motile and or spread quickly, from one root to another. The other non-Bacillus
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species that are tested have connections to the soil, and either are known endophytes
themselves or are closely related to known endophytes.
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Chapter 2
Endophyte Collection, Isolate Establishment, and Salinity Test
2.1)

Abstract
PCG is known as a source of biofuel and for surviving high levels of salinity, and

endophytes are known to help plants thrive despite various stresses, including salinity.
We extracted ten plants from two salt sites and processed the plant matter to extract
possible endophytes. The bacteria extracted and previously obtained lab samples totaled
to 137 and were then streaked for single colonies, tested for their saline tolerance with
optical density measurements. Tests of phosphate solubilization and fungal suppression
in collaboration with saline tests indicated 40 endophytes worth testing due to their
higher, consistent performance, which was then narrowed down to 13. The 16S rRNA of
the bacteria was sequenced, and the sequence was then run through NCBI Blast to
identify the genus and species of the bacteria.
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2.2)

Introduction
Many perennial grasses are desirable to produce biofuels. Prairie cordgrass (PCG)

is an exciting choice for many reasons. It can be grown in marginal areas in which other
plants, such as corn, soybeans, and even other perennial grasses, would not be able to
grow (Rofkar and Dwyer 2011). Even cell cultures of PCG are found to be salt-tolerant
(Warren et al. 1985). It is exceptionally nutrient efficient and can produce substantial
biomass without fertilizer inputs, requiring little to no pesticides, can resist erosion, can
lower the water table, and can extract salt from the ground while thriving in soils with
ocean levels of salinity (A. Boe et al. 2009; Guo et al. 2015).
Endophytes are bacteria that help a plant abiotically or biotically by associating
with a plant (Wilson 1995; Ali et al. 2014). Over 80% of all plants form positive
endophytic connections. Endophytic bacteria may play a significant role in PCG’s ability
to resist abiotic stresses and contributing to its saline tolerance. We also wanted
endophytes that survive in low nitrogen environments by fixing their own nitrogen and
may also promote nitrogen uptake. Screening endophytes with these two factors are
necessary as billions of bacteria with millions of possible species live in a square
centimeter of soil. It is unrealistic to test millions of species, but testing species are
screened with saline, and nitrogen tests are realistic (Ahsan, 2018).

2.2)
2.2A)

Materials and Methods
Endophyte Collection and Isolate Establishment
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Endophytes were isolated from PCG grown in saline soils near Olivet, SD
(43°14'39.5"N 97°47'44.2"W) and Tripp, SD (43°16'08.7"N 97°59'40.1"W). The Olivet
and the Tripp soil site has the general soil type of Barnes Buse Aastad. Both sites have
very high levels of soil salinity, with a ph. of 8.5 or higher. Ten whole plants, five from
each site, and the soil surrounding the roots structures were taken from the two sites.
Each of these samples was transported to South Dakota State University. The excess soil
was removed from the roots, placed in Ziploc bags and put into cold storage at 5°C. The
residual soil on the stem and root systems was washed off with water. The plants were
dried with lab tissues. Once removed from the soil, the plants were then divided by tissue
type, including leaves, offshoots, roots, root hairs, and rhizomes. Each cut plant piece part
was then placed onto nitrogen-free malate agar and sealed with parafilm. The samples
were then allowed to incubate in the dark at 30°C for 24 to 48 hours. Once evidence of
bacterial growth on the plates was observed, the samples were then transferred onto
Tryptic Soy agar plates using a headless loop. The samples were then single streaked a
minimum of seven plates to guarantee that only one bacteria isolate was grown on the
plates. Samples that showed any signs of fungal contamination were discarded to ensure
that only bacterial samples remained. Isolates were then classified. The thirteen
endophytes of the highest concern with previously known and tested data are shown in
figures 2.1, 2.2, 2.3, and 2.4. Those arising from a leaf, stem, or shoot, the first letter of
the sample, are designated with the letter ‘L’ in their name. Samples arising from roots,
root hairs, or rhizomes are labeled with the letter ‘R.’ The first number in the sample
name corresponds to the plant from which it was derived and, in the order, that the plant
was collected at a given site. The letter ‘A,’ ‘B,’ ‘C,’ indicates bacteria samples that were
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reliably isolated. To distinguish samples isolated from the Olivet site from those obtained
from the Tripp site, the number ‘1’ is included at the end of the isolate name. R3C1, this
label indicates that the sample was isolated from the roots of the third plant and is the
third bacteria reliably isolated from the sample derived from the Tripp site. The samples
discussed in this work include L1A, L1B, L1C, L2A, L2B, L2C, L3A, L3B, L3C, L4A,
L4B, L4C, L5A, L5B, L5C, R1A, R1B, R1C, R2A, R2B, R2C, R3A, R3B, R3C, R4A,
R4B, R4C, R5A, R5B, R5C, L1A1, L1B1, L1C1, L2A1, L2B1, L2C1, L3A1, L3B1,
L3C1, L4A1, L4B1, L4C1, L5A1, L5B1, L5C1, R1A1, R1B1, R1C1, R2A1, R2B1,
R2C1, R3A1, R3B1, R3C1, R4A1, R4B1, R4C1, R5A1, R5B1, R5C1. There are also
previous lab samples that former lab members obtained and isolated. These samples are
labeled as PCG, with a number, 1 through 64. These are labeled as PCG 1, PCG 2, all the
way to PCG 64. When these lab samples were streaked for single colonies, many samples
had more than one species. The species were separated through a single streaking process
to form colonies with only one species. Previous lab samples that had more than one
species had a .1, .2, and so on added to the end of the name.
These possible endophytes that in later experiments performed had their 16s
rRNA sent in to be sequenced. The sequence was submitted to NCBI Blast several times
over the course of months to determine the genus and species of the bacteria. To identify
lab-specific bacteria that is separate from other strains of the same species, the lab label
will precede the species name.
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2.2B)

Salinity Tolerance Testing
Each of the 137 was grown in 3 ml of Tryptic Soy broth for 24 hours in an

incubator set at 30°C. The sample was vortexed at 3000 RPMs for 10 seconds. Then 1 ml
of the liquid was pipetted into a cuvette, which was then put into a spectrophotometer and
measured at 600nm. Spectrophotometers shoot a beam of light measuring at 600nm into
the sample. The sample mass obstructs the light, and whatever remaining photons pass
through the sample is measured by sensors, which then shows a reading of the sample’s
optical density. We used the formula ((Desired OD/Measured OD)*Desired Volume) =
New Sample Amount to determine future actions. For the experiments, the desired OD is
put at .05, and the desired volume at 3 ml. The bacteria were pipetted into tryptic soy
with 0% NaCl, 10% NaCl, or 20% NaCl (three tubes per concentration) and were then
incubated at 29°C for 24 h. The samples were then vortexed at 300 RPMs for 10 sec.
Then 1 ml of the liquid was pipetted into a cuvette, which was then put into a
spectrophotometer and measured at 600nm. The samples at 0, 10, and 20% were recorded
and averaged. When a sample shows a significant growth at 10% and/or 20% compared
to the 0% control, it’s marked as critical for future testing. The final results are shown in
figures 2.1 and 2.2.

2.2C)

Secondary Testing
Endophytes that were data wise promising were then tested for their ability to

solubilize phosphate in environments with no NaCl, and 1% NaCl. Pikovskaya’s agar
was made and poured into 3 in diameter petri dishes. With a headless loop, 5 points in the
shape of a plus sign were inoculated. Each endophyte had 3 plates of standard
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Pikovskaya’s agar, and 3 plates of 1% NaCl enriched Pikovskaya’s Agar incubated at
30°C for 7 days. The solubilization index (SI) was then measured with the formula
SI=(Colony Diameter + Halo Zone Diameter)/Colony Diameter. This results in 15 reps
and eliminating the outliers, taking the mean of the reps being the final results.
Fungi suppression is also valuable to test as it was 6 fungi isolated from the PCG
from the Olivet and Tripp salt sites. The endophytes may suppress these possibly
parasitic fungi and may change their behavior in the presence of salinity. Potato dextrose
agar and potato dextrose agar enriched with 1% NaCl was made and poured into 3 in
diameter petri dishes. There are two types of controls, the fungi, and the bacterial
controls. The fungi controls are made by inoculating the plates with the fungi by a
headless loop while the bacterial controls are made by inoculating the plates with the
endophytes in a circle with a diameter of 1.5 in. Both controls with standard and saline
petri dishes were then incubated at 30°C for 7 days. The experimental plates were first
inoculated with the endophyte in a circle with a diameter of 1.5 in and incubated at 30°C
for 7 days. Then the fungi that were tested for suppression are inoculated in the center of
the plate with a headless loop. These plates were then incubated at 30°C for 7 days. Each
of the controls and the endophyte/fungi combination had 3 reps. The mean of the reps
was calculated to figure out the endophyte’s ability to suppress parasitic fungi. Then the
mean of the endophyte’s fungi suppression was then averaged between the six fungi
resulting in the endophyte fungi suppression mean.
Citrate testing was used to assist in identifying the endophytes. Citrate agar was
made, poured into 15 ml test tubes, at allowed to solidify with the containers at 30° angle.
Then the endophytes are placed on the top of the agar, with three reps each endophyte
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tested, including the controls with no endophyte inoculation and allowed to incubate the
at 30°C for 7 days. If there was a color change, the endophyte was marked as a positive,
and if there was no color change a negative.
This data is further detailed in figure 2.4
After screening for nitrogen fixation and salinity tolerance, along with phosphate
solubilization, fungi suppression, and citrate, it was determined that there were 40
endophytes that would be valuable to identify their species and use for further
experimenting. These endophytes were sent to have their 16S rRNA sequenced, then the
sequences were run through the program NCBI Blast, and scientific names were
determined from that.

2.3)

Results and Discussion
In total, 60 independent bacterial isolates were identified from the plants extracted

from the two salt sites. 73 samples were previous lab samples bringing the total to 137.
When isolating endophytes, based on physical characteristics and later, 16S
rRNA, it was easy to discern that some of the bacteria were very similar if not the same
species. The top forty species that showed high saline tolerance had several similar
physiological and genetic factors as a majority were of the same genus. Different isolates
of the same species can vary in behaviors such as solubilization phosphorous, nitrogen,
different rates of fungi suppression, and more. The same species have different isolates,
and some could not solubilize phosphate while some could solubilize, and other isolates
could solubilize more efficiently in a saline environment. Behavioral variation was also
found when the endophytes were tested for potential fungi suppression, and citrate
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solubilization. Any species that were suspected of being possible human, plant, or animal
pathogens were screened against. Also, any species that may simultaneously form
symbiotic with some plants and parasitically with others were also eliminated.
Testing for saline tolerance using Optical Density (OD) showed that around 40
out of the 137 endophytes were saline resistant at 10% salinity or 20% salinity. From that
point, testing was done with Pikovskaya’s agar. The forty were tested with two variations
of the agar, one was normal, and the other was Pikovskaya’s with 1%NaCl. Some
samples showed higher rates of solubilization in the saline agar than in the normal agar.
PCG has multiple fungi that suppress and kill PCG seeds and mature plants.
Endophytes that suppress these fungal pathogens would be beneficial, so many were
tested for their ability to suppress the various pathogens. There is no current literature on
PCG parasitic fungi, so this is the first documentation.
The endophytes had their 16S rRNA sequenced. When those results came back, it
represented certain species when running them through NCBI Blast. Once the species
was identified, it was then analyzed for any history of endophytic behavior. Any bacteria
that were known or possible human, animal, or plant pathogens were eliminated. What
were left were 13 bacteria of interest to test. These are L1A Bacillus licheniformis, L1B
Pantoea agglomerans, R2A Bacillus stratosphericus, R3A Bacillus australimaris, R3B
Agrobacterium tumefaciens, R4B Pseudomonas kilonensis, L2A1 Bacullus circulans,
L4A1 Bacillus haynesii, L5C1 Bacillus paralicheniformis, R3B1 Bacillus subtilis, R4B1
Bacillus cereus, R5A1 Bacillus pumilus, and PCG-41 Brevibacillus formosus. Figures 2.3
through 2.5 show the specifics of the data that was obtained.
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It is important to state that the tests done on these endophytes agrees with
previously stated literature. However, most literature either does not acknowledge that
bacteria can have different isolates or does not state their behavior in abnormal
conditions. Most literature treats each species as if it behaves exactly the same way or
assumes that every endophyte will behave the same regardless of the conditions. This is
one of the few literature pieces that records differences in isolate behavior and
differences in behavior in relation to the environment simultaneously. This shows that
future bacterial tests should not only account for the endophyte isolate but also account
for the environment that the experiments are being done in. This could account for much
unpredictability in bacterial testing, making more accurate data in future testing.
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Figures

Figure 2.1: The mean growth of 13 endophyte’s OD measurement tested at 0%, 10%, and
20% salinity. The dark bar shows OD of 0% salinity, the lighter bar shows OD of 10%
salinity, and the neutral bar shows OD of 20% salinity.
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Figure 2.2: Chart containing previously known information on the endophytes
determined to be used for future testing.
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Figure 2.3: Chart containing endophytes with two measured factors, the ability to
solubilize nitrogen and salinity tolerance. Solubilization was tested using nitrogen-free
malate agar and measured in a binary format if the endophytes could or could not
solubilize. The other factor displayed is the mean optical density (OD) of the endophytes
when grown in various saline environments for 24 hrs. Only the endophytes with the
highest performing OD at 10% and 20% salinity when compared to the growth at 0%
salinity. Secondary testing reduced the list of endophytes of concern from 40 to 13 which
are displayed above.
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Figure 2.4: Chart containing secondary testing on the endophytes concerning the ability
to solubilizing phosphorous and citrate along with fungi suppression. Methodology was
solubilizing phosphorous in Pikovskaya’s agar, solubilizing phosphorous in Pikovskaya’s
agar with 1% NaCl, fungi suppression by measuring the radius of fungi growth from an
inoculated center in a Potato Dextrose Agar, fungi suppression by measuring the radius of
fungi growth from an inoculated center in a Potato Dextrose Agar, citrate testing which is
used to ensure the correct genus/species identification of the possible endophyte.
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Chapter 3
Wheat Short Term Experiment with Novel Saline Tolerant Endophytes

3.1)

Abstract
Mint Winter Wheat is a salt-sensitive plant. Endophytes have been known to help

plants gain nutrients and water along with resisting stresses such as saline and sodic
stress. PCG is a plant that naturally resists saline stress. Endophytes that are naturally
associated with PCG may be transferred to wheat to confer salinity tolerance. Several
possible endophytes L1A/B02 Bacillus licheniformis, L1B/B09 Pantoea agglomerans,
R2A Bacillus stratosphericus, R3A Bacillus australimaris, R3B Agrobacterium
tumefaciens, and R4B Pseudomonas kilonensis all of which have tested positive for
various traits were then tested in a short-term growth experiment. The results showed that
the salt-sensitive species B02 and B09 inoculated wheat plants underperformed in dry
shoot and root weight in comparison to their salt-tolerant controls. R3B performed the
best out of all the endophytes, in some cases performing as strongly as the salt-free
control.
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Introduction
Wheat and all varieties are sensitive to saline soil (Singh, 2016). Even the

varieties bred to withstand saline soils will not survive the rising salinity in the soil that
many farmlands are expected to reach (Bell, 1994; Jaradat, 2005). Therefore, it is
necessary to see if the application of saline tolerant endophytes derived from PCG will
help winter wheat variety mint to survive salinity stress. The endophytes that were used
for this experiment were previously obtained lab samples and newly acquired bacteria
isolated from PCG. This is the first of three similar experiments to test the endophyte
plant symbiosis.
The isolates in question were L1A Bacillus licheniformis, L1B Pantoea
agglomerans, R2A Bacillus stratosphericus, R3A Bacillus australimaris, R3B
Agrobacterium tumefaciens, and R4B Pseudomonas kilonensis.
Bacillus licheniformis is well known as an endophyte as helping plants grow
overall, suppress fungal parasites, and produce active gibberellins (Bell, 1994; GutiérrezMañero, 2001; Jaradat, 2005; Paz, 2012; Singh, 2016; Wang, 2009). Pantoea
agglomerans is known for helping plants tolerate salt stress and produces IAA (Mishra,
2011; Xia, 2015). Bacillus stratosphericus is known for assisting plants in
phytoremediation of heavy metals and other materials, including salt along with
suppressing bacterial and fungal parasites (Durairaj, 2017; Kamaruzzaman, 2020).
Bacillus australimaris is not known as an endophyte but is closely related to other known
commercially viable endophytes, including Bacillus licheniformis (Liu, 2016).
Agrobacterium tumefaciens is known for conferring salt tolerance to plants and is known
to occupy nodules (Liu, 2010; Martí, 1999; Wang, 2006; Wu, 2005). Pseudomonas
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kilonensis is known for helping plants resist stress, encourages root hair growth, and
solubilizes phosphate to make it available for plant intake (Almario, 2017; Cardinale,
2015; Ghorbani, 2018; Miller, 2010; Vacheron, 2018).

3.3)

3.3A)

Materials and Methods

Germinating and Inoculating work
Seeds were pregerminated before used in the short-term experiment. We

autoclaved 1% water agar, and before it solidified, added 100 mg/L gibberellic acid, then
poured it into 12 x 12 in square plates. Winter wheat was obtained already shelled, 510
seeds in total. For each treatment, 30 winter wheat seeds of the variety mint, 15 bacterial
treatments with NaCl, and 2 control treatments (0 mM NaCl and 100 mM NaCl). Before
the inoculation, all bacterial cultures were grown in LB for 24 hours. All were
standardized bacterial cultures to 0.05 with PBS at OD 600. For the experiment, shelled
seeds were surface sterilized by soaking the seeds in a 1% bleach solution for 30s. After
surface sterilization, seeds were placed on germination media. Wheat seeds were allowed
4 to 6 days for germination. Plates with seeds were sealed with parafilm to prevent
contamination.
For the inoculation after germination, the seeds were divided evenly by treatment
count. Add 2 µL of inoculant per seed in each container. For control, pure phosphate
buffer saline PBS was used. Tap container to ensure that each seed is coated with an
inoculant.
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Experimental Design
The 5x3 cone pot trays with the under trays were sterilized with a 10% bleach

solution and rinsed thoroughly. After it dried, the 5x3 containers were filled with a soil
mixture of 40% humus, 40% peat moss, and 20% perlite and placed into the black trays.
Water was added to the soil mix to saturate through the soil mix and added to the black
trays. In total, 2L of water was used for each unit.
Each treatment had 15 reps, with two plants per rep. Using sterile forceps, plant
seeds at 1/4th of an inch, and if needed, add water from the top of the pots for the first
week to ensure the soil doesn’t dry out where the seeds are.
Watering pots were done as follows. For the first week of the greenhouse, add
water as needed to keep the water at 2L. After the first week, remove water in trays and
add saline water to all except the salt-free control. Mint winter wheat was watered as
follows: Week 1: 25 mM NaCl (1.46 g/L), Week 2: 50 mM NaCl (2.92 g/L), Week 3: 75
mM NaCl (4.38 g/L), Week 4: 100 mM NaCl (5.84 g/L). At harvest, shoot and root
height along with fresh shoot and root weight length was measured. After several days of
drying, the shoot and root dry weight was measured.
Treatments are as follows: Control without NaCl, Control with NaCl, L1A
Bacillus licheniformis, L1B Pantoea agglomerans, R2A Bacillus stratosphericus, R3A
Bacillus australimaris, R3B Agrobacterium tumefaciens, and R4B Pseudomonas
kilonensis. There were previous lab samples that were already known to be salt sensitive.
Therefore, BCO2 Bacillus licheniformis and BCO9 Pantoea agglomerans were tested
with the samples to compare the variation between salt-sensitive and salt-tolerant
bacteria.
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Results
As clearly shown in figures 3.1 and 3.2, endophyte R3B performed statically alike

to the normal control as both were in group E in dry shoot and root weight. R3B also
performed marginally better than the salt control being in group DE in regard to the dry
shoot and root weight. All other endophytes underperformed being is lower groups than
DE in comparison to both controls. The salt-tolerant isolates did not outperform the saltsensitive isolates by any statistical significance.

3.5)

Discussion
There are several reasons why the experiment generated the results that it did.

There are factors that, if altered upon repeat testing, could change the data. The
experiment was not contaminated by fungi, viruses, or any other significant factor that
would indicate that the experiment was compromised.
Some endophytes are known to assist in germinating plants and applying
endophytes that may assist in germination, so applying those endophytes on pregerminated plants may limit their effectiveness. Other endophytes are known to assist
only in later stages of the plant life cycle, and some endophytes only interact with plant
leaves. This may be why the saline sensitive and saline tolerant L1A and L1B endophyte
varieties may have been the lowest-performing endophytes. That may also be why
endophytes isolated from root tissues may have shown more significant results as they
may interact through the entire life cycle or generate their greatest benefits in the plant’s
immaturity. The endophytes were extracted from water saturated soil and may also not
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provide their full benefit in drier conditions. Some of the bacteria are naturally slowgrowing and inoculating the seeds at .05 OD may have been too low. Inoculating the
seeds with a higher OD and allowing the plants to live a full life cycle would significantly
change the data and would be interesting to test further.
Testing winter wheat is another factor, as the mint variety is sensitive to salinity.
Changing the variety or the species of wheat could alter the results of the data. The
endophytes were obtained from mature PCG plants, and some may not symbiotically
interact with wheat as it too genetically dissimilar. Wheat does not form culms or
rhizomes, so any endophytes that may assist in culm or rhizome formation would have
minimal to no benefit. Also, PCG is naturally tolerant to salinity, and that can change the
results derived from the experiment (Warren, 1985). Future testing could include testing
these endophytes with various plants of the Spartina genus or testing with other crop
plants.
The salt used in the experiment was lab-grade NaCl. In outside ecosystems, the
salt can be a combination of cations and anions. This means that in addition to sodium
and chlorine, the endophytes may assist the plant in tolerating saline stress from salt
molecules made up of potassium, nitrogen, phosphorous, oxygen, magnesium, or even
heavy metals. The endophytes may help with other variations of salt found in the soil, but
may not provide their full benefits when not exposed to certain saline or sodic
combinations (Ahsan, 2018; Jones, 2003; Khalid, 2016; Nahmina, 2018). Testing these
endophyte’s reactions to various salts would be worth testing for in the future.
This was a greenhouse experiment. In outside ecosystems, these bacteria may not
provide benefits to the plants alone but provide benefits in combination with other
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endophytes. Such bacterial interaction did not occur in the greenhouse experiment. Future
experimentation with combinations of endophytes would be interesting.
Experiments have various factors that can alter the results. One or a combination
of the factors above could be changed to create different results and make substantial
progress in the field.
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3.7)

Figures

Fig 3.1: Wheat dry shoot weight after 20 days of drying showing that R3B is the highest
performing endophyte. Seeds were surface sterilized, then inoculated with PBS, PBS with
salt or endophytes at .05 OD. The seeds were pre-germinated on agar enriched with
100mg of Gibberellic acid. After seven days the germinated seeds were placed in the soil
substrate and grown for six weeks. The plants were watered with increasing levels of
salinity except the salt free control. After several weeks the plants were harvested, and
several days later the plants were dried and this measurement was taken.
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Fig 3.2: Wheat dry root weight after 20 days of drying showing that R3B is the highest
performing endophyte. Seeds were surface sterilized, then inoculated with PBS, PBS with
salt or endophytes at .05 OD. The seeds were pre-germinated on agar enriched with
100mg of Gibberellic acid. After seven days the germinated seeds were placed in the soil
substrate and grown for six weeks. The plants were watered with increasing levels of
salinity except the salt free control. After several weeks the plants were harvested, and
several days later the plants were dried and this measurement was taken.
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Chapter 4
PCG Short Term Experiment
4.1)

Abstract
Prairie Cordgrass PCG is a very salt-tolerant plant. Endophytes have been known

to help plants gain nutrients and water along with resisting stresses such as saline and
sodic stress. Endophytes that are naturally attached to PCG plants may help the plant
tolerate and thrive in saline or sodic soils. Several possible endophytes, R2A Bacillus
stratosphericus, R3A Bacillus australimaris, R3B Agrobacterium tumefaciens, R4B
Pseudomonas kilonensis, L2A1 Bacullus circulans, and L4A1 Bacillus haynesii have
tested positive for various traits that were then tested in a short-term experiment. The
results are that all the endophytes were not statistically significant from the controls
concerning dry shoot and root weight. A variety of factors, including natural saline
tolerance of the plants, the experiment length, and endophyte unpredictability,
contributed to the data, and future experiments changing a variety of factors could result
in more valuable data.
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4.2)

Introduction
Farmers internationally are losing farmland to rising levels of salinity (Jaradat,

2005; Tao, 2012). This creates a growing interest in crops that thrive in saline stressed
soil. PCG is native to North America and naturally tolerant of saline soil (Kim, 2012).
Endophytes extracted from the plants may also increase the plant’s salinity tolerance (Ali,
2014; Gond, 2015; Han, 2014; Kim, 2012). It is crucial to test to see if PCG plants
inoculated with salt-tolerant endophytes derived from PCG will help the plants survive
salinity stress. The endophytes that were used for this experiment were previously
obtained lab samples and newly derived bacteria isolated from PCG. This is the second of
three similar experiments with endophyte plant symbiosis.
The isolates in question are Bacillus stratosphericus, R3A Bacillus australimaris,
R3B Agrobacterium tumefaciens, R4B Pseudomonas kilonensis, L2A1 Bacullus
circulans, and L4A1 Bacillus haynesii.
Bacillus stratosphericus is known for assisting plants in phytoremediation of
heavy metals and other materials, including salt molecules with suppressing bacterial and
fungal parasites (Durairaj, 2017; Kamaruzzaman, 2020). Bacillus australimaris is not
known as an endophyte but is closely related to other known commercially viable
endophytes, including Bacillus licheniformis (Liu, 2016). Agrobacterium tumefaciens is
known for conferring salt tolerance to plants and is known to occupy nodules (Liu, 2010;
Martí, 1999; Wang, 2006; Wu, 2005). Pseudomonas kilonensis is known for helping
plants resist stress, encourages root hair growth, and solubilizes phosphate to make it
available for plant intake (Almario, 2017; Cardinale, 2015; Ghorbani, 2018; Miller, 2010;
Vacheron, 2018). Bacullus circulans are a known endophyte of mulberries and confers
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heavy metal and assists the plant in the bio-absorption of stress-inducing molecules,
including salt (Ji, 2008; Yilmaz, 2003). Bacillus haynesii is not a currently known
endophyte, but it is isolated from drought conditions and shown to be extremely drought
tolerant (Dunlap, 2017; Nigris, 2018).

4.3)
4.3A)

Materials and Methods
Germinating and Inoculating work
Seeds were pregerminated before use in the short-term experiment. The PCG

seeds were shelled and placed in a 12 x 12 square plate with germination paper and 20mls
of type 1 water. 800 PCG seeds were shelled from the glumes, lemma, and palea. The
container was sealed with parafilm and placed in a cold chamber for 20 days. Each
treatment obtained 9 replicates with 6 variables with NaCl and 2 control treatments (0
mM NaCl and 400 mM NaCl).
Before inoculation, all the endophytes were grown in LB for 24 hours. All were
standardized bacterial cultures to OD600 = 0.05 with PBS. Add 2 µL of inoculant per
seed in each container. For controls, pure phosphate buffer saline PBS was used. Tap
container to ensure that each seed is coated with an inoculant.

4.3B)

Experimental Design
The 5x3 cone pot containers and black trays were sterilized with a 10% bleach

solution and rinsed thoroughly. After drying, the 5x3 containers were filled with a soil
mixture of 100% humus and placed into the black containers. Water was added to the soil
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mix to allow water to diffuse through the soil mix and added to the black trays. In total,
2L of water total was used for each unit.
Each treatment had 9 reps, with one plant per rep. Using sterile forceps, plant
seeds 1/4th of an inch, and if needed, add water from the top of the pots for the first week
to ensure the soil doesn’t dry out where the seeds are.
Watering pots are done as follows. For the first week of the greenhouse, add water
as needed to keep the water at 2L. After the first week, remove water in trays and add
saline water to all except the salt-free control. PCG was watered as follows: Week 1: 100
mM NaCl (5.84 g/L), Week 2: 200 mM NaCl (11.69 g/L), Week 3: 300 mM NaCl (17.53
g/L), Week 4: 400 mM NaCl (23.38 g/L). At harvest, shoot and root height along with
fresh shoot and root weight length was measured. After several days of drying, the shoot
and root dry weight was measured.
Treatments are as follows: Control without NaCl, Control with NaCl, R2A
Bacillus stratosphericus, R3A Bacillus australimaris, R3B Agrobacterium tumefaciens,
R4B Pseudomonas kilonensis, L2A1 Bacullus circulans, and L4A1 Bacillus haynesii.

4.4)

Results
As clearly shown in figures 4.1, 4.2, 4.3 and 4.4 none of the endophytes

outperformed the controls by any statistically significant measure as the controls and the
endophytes were in group A. There are non-statistically significant differences amongst
the endophytes. The controls were equal in performance to the endophytes in this
experiment. While not statistically significant, R3A and R3B consistent higher
performing in comparison to the other endophytes.
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4.5)

Discussion
There are several reasons why the experiment generated the results that it did.

There are factors that, if altered upon testing, could change the data. The experiment was
not contaminated by fungi, viruses, or any other significant factor that would indicate that
the experiment was compromised.
PCG, as a plant, has many unique physical factors. It is known to have unreliable
seed germination and viability, which contributed to the low rep count for each treatment.
Future experiments should focus on only using the heaviest and longest seeds for
experiments to maximize the possibility of using the highest vitality seeds (Boe, 2013;
James Stubbendieck, 2017). Successful plants in their niche are mature, over a year old.
PCG is also a plant that has much stronger saline and heavy metal tolerance than most
crop plants. It generates more biomass than switchgrass, even in shorter growing seasons.
It is capable of extracting salt, arsenic, and other heavy metals from the soil. It also relies
on rhizome growth as a primary means of propagation than seeds (Boe, 2017; Boe, 2009;
Bonilla-Warford, 2002; Friesen, 2015; Korzeniowska, 2015; Malinowski, 2000; Potter,
1995; Rofkar, 2011; Skinner, 2009). PCG germinated from seeds has the lowest vitality
in comparison to using rhizome rootstock for propagation. This shows that a short-term
experiment with seeds may not have been the optimal method for testing. Pot size was
also narrow, and plants that propagate through rhizome activity prefer wider pots to allow
space for rhizome and culm development. Future experimentation may benefit from using
wider containers.
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Some endophytes are known to assist in germinating plants and applying
endophytes that may assist in germination, so applying those endophytes on pregerminated plants may limit their effectiveness. Other endophytes are known to assist
only in later stages of the plant life cycle, and some endophytes only interact with plant
leaves, flowers, or other mature structures. These endophytes were originally isolated
from mature PCG plants in saline environments. They may only provide significant or
meaningful benefits in mature plants, and this experiment did not continue long enough
to show such results. Due to this, endophytes that assist in culm or rhizome development
were not tested in this parameter. Some of the bacterial are naturally slow-growing, and
inoculating the seeds at .05 OD may have been too low. Inoculating the seeds with a
higher OD and allowing the plants to live a full life cycle would significantly change the
data and would be interesting to test further.
The salt used in the experiment was lab-grade NaCl. In outside ecosystems, the
salt can be a combination of cations and anions. This means that in addition to sodium
and chlorine, the endophytes may assist the plant in tolerating saline stress from salt
molecules made up of potassium, nitrogen, phosphorous, oxygen, magnesium, or even
heavy metals. The endophytes may help with other variations of salt found in the soil, but
may not provide their full benefits when not exposed to certain saline or sodic
combinations (Ahsan, 2018; Jones, 2003; Khalid, 2016; Nahmina, 2018). Some
endophytes assist plants with phytoremediation by breaking down salt molecules with
heavy metals and such behavior does not occur when tested with lab grade NaCl. Testing
these endophyte’s reactions to various salts would be worth testing for in the future.
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This was a greenhouse experiment isolated from the outside ecosystems. In such
environments, these bacteria may not provide benefits to the plants alone but provide
benefits in combination with other endophytes. These positive interactions may also
occur with fungi, archaea, or even macrofauna. Such bacterial interaction did not occur in
the greenhouse experiment. Future experimentation with combinations of endophytes
would be interesting.
Experiments have various factors that can alter the results. One or a combination
of the factors above could be changed to create different results and make substantial
progress in the field.
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4.7)

Figures

Figure 4.1: PCG shoot length at the time of harvest. Measurements were taken from the
stem base to the longest point of the leaves. Seeds were surface sterilized, then inoculated
with PBS, PBS with salt or endophytes at .05 OD. The seeds were pre-germinated. After
seven days the germinated seeds were placed in the soil substrate and grown for several
weeks. The plants were watered with increasing levels of salinity except the salt free
control. After several weeks the plants were harvested, and this measurement was taken.
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Figure 4.2: PCG root length at the time of harvest. Measurements were taken from the
root base to the longest point of the roots. Seeds were surface sterilized, then inoculated
with PBS, PBS with salt or endophytes at .05 OD. The seeds were pre-germinated. After
seven days the germinated seeds were placed in the soil substrate and grown for several
weeks. The plants were watered with increasing levels of salinity except the salt free
control. After several weeks the plants were harvested, and this measurement was taken.
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Figure 4.3: PCG Shoot weight in grams after 20 days of drying. Seeds were surface
sterilized, then inoculated with PBS, PBS with salt or endophytes at .05 OD. The seeds
were pre-germinated. After seven days the germinated seeds were placed in the soil
substrate and grown for several weeks then harvested. The plants were watered with
increasing levels of salinity except the salt free control.
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Figure 4.4: PCG Root weight in grams after 20 days of drying. Seeds were surface
sterilized, then inoculated with PBS, PBS with salt or endophytes at .05 OD. The seeds
were pre-germinated. After seven days the germinated seeds were placed in the soil
substrate and grown for several weeks then harvested. The plants were watered with
increasing levels of salinity except the salt free control.
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Chapter 5
PCG and Wheat Short Term Experiment 2
5.1)

Abstract
Salinity is an ever-growing problem in the world, as most crop plants cannot

tolerate mild or moderate saline stress. Some such as winter wheat variety mint is very
sensitive to saline / sodic stress while PCG thrives in ocean salinity. Endophytes are
bacteria that are attached to plants and cause no harm, usually helping the plant get in
various ways. This could include getting water, nutrients, or avoid stresses such as
flooding, drought, freezing, heat, parasites, acids, or sodic / saline stresses. Endophytes
that are naturally attached to PCG may confer salinity tolerance to PCG and, if
transferred to another plant, may also give the same benefit. Endophytes L2A1 Bacullus
circulans, L4A1 Bacillus haynesii, L5C1 Bacillus paralicheniformis, R3B1 Bacillus
subtilis, R4B1 Bacillus cereus, R5A1 Bacillus pumilus, and PCG-41 Brevibacillus
formosus have tested positive for various traits that were then tested in this short-term
growth experiment. The results showed that L5C1 Bacillus paralicheniformis, R4B1
Bacillus cereus, and R5A1 Bacillus pumilus, were the highest performing endophytes
performing similar to the controls. They would be beneficial for further beneficial plant
symbiosis.
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5.2)

Introduction
Internationally, farmers are losing farmland to rising levels of salinity, and many

plants such as wheat are sensitive to saline soil (Jaradat, 2005; Tao, 2012). Even varieties
bred to withstand saline soils will not survive the rising salinity in the soil that many
farmlands are expected to reach. This means that there is an interest in any potential crops
that could withstand the saline soil and provide a livelihood. PCG is native to North
America and naturally tolerant of saline soil (Kim, 2012). Endophytes extracted from this
plant from previous experiments also have saline tolerance (Ali, 2014; Gond, 2015; Han,
2014; Kim, 2012). If these endophytes are applied to PCG and winter wheat, would they
help the plants survive increasing amounts of salinity stress? This is the third of three
similar experiments with endophyte symbiosis.
Bacullus circulans are a known endophyte of mulberries and confers heavy metal
and assists the plant in the bio-absorption of stress-inducing molecules, including salt (Ji,
2008; Yilmaz, 2003). Bacillus haynesii is not a currently known endophyte but it is
isolated from drought conditions and shown to be extremely drought tolerant (Dunlap,
2017; Nigris, 2018). Bacillus paralicheniformis, is a known endophyte that assists rice by
producing various growth hormones. Bacillus subtilis is a known endophyte that has been
shown to reduce salt stress in white clover through hormone regulation (Han et al. 2014).
Bacillus cereus is a known endophyte that produces chitinase as a biopolymer resistant to
degradation and increases structural integrity in some plants (Pleban, 1997). Bacillus
pumilus is a known endophyte of sunflowers, producing jasmonates, abscisic acid, active
gibberellins, and known to protect rice from salinity stress (Forchetti, 2007; GutiérrezMañero, 2001; Jha, 2011). Brevibacillus formosus is known to produce protease, an
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enzyme that helps plants break down complex unusable molecules into simple, usable
molecules (Chu et al. 2019).

5.3)

5.3A)

Materials and Methods

Germinating and Inoculation
The PCG seeds were pregerminated before use in the short-term experiment, but

the wheat seeds were not pregerminated.
For PCG germination seeds were shelled and placed in a 12 x 12 square plate with
brown germination paper and 20mls of type 1 water. PCG seeds were shelled from the
surrounding organic material, 700 in total. For the experiment, shelled seeds were surface
sterilized by soaking the seeds in a 1% bleach solution for 30s. The container is sealed
with parafilm and placed in a cold chamber for 5 days. Then the parafilm was removed
and the containers were placed in the shade of the greenhouse for another 5 days to
stimulate germination. The parafilm was removed, and a squirt bottle of type 1 water was
used to keep the paper wet.
For PCG inoculation, each treatment gets 15 reps, 7 bacterial treatments with
NaCl and 2 control treatments (0 mM NaCl and 400 mM NaCl). Before inoculation, all
bacterial cultures were grown in LB for 24 hours. All were standardized bacterial cultures
to OD600 = 0.05 with PBS. Seeds were divided evenly by treatment count. Add 2 µL of
inoculant per seed in each container. For controls, pure phosphate buffer saline PBS was
used. Tap container to ensure that each seed is coated with an inoculant.
For wheat, no pre germination was done.

62

Wheat seeds were provided by the lab, 270 in total. Each treatment gets 30
sprouts, 7 bacterial treatments with NaCl and 2 control treatments (0 mM NaCl and 100
mM NaCl). To prep the bacteria, all bacterial cultures were grown in LB for 24 hours. All
were standardized bacterial cultures to OD600 = 0.05 with PBS. Seeds were surface
sterilized by soaking the seeds in a 1% bleach solution for 30s. For wheat seed
inoculation, divide seeds evenly by treatment count. Add 2 µL of inoculant per seed in
each container. For controls, pure PBS and PBS were used. Tap container to ensure that
each seed is coated with an inoculant.

5.3B)

Experimental Design
The 5x3 cone pot trays with the under trays were sterilized with a 10% bleach

solution and rinsed thoroughly. After it dries, the 5x3 containers were filled with a soil
mixture of 100% humus and placed into black trays. Water was added to the soil mix to
saturate through the soil mix and added to the black trays. In total, 2L of water was used
for each unit.
For the wheat experiment, each treatment had 15 reps with two plants per rep. For
the PCG experiment, each treatment had 15 reps with one plant per rep. Using sterile
forceps, plant seeds at 1/4th of an inch, and if needed, add water from the top of the pots
for the first week to ensure the soil doesn’t dry out where the seeds are.
Watering pots were done as follows. For the first week of the greenhouse, add
water as needed to keep the water at 2L. After the first week, remove water in trays and
add saline water to all except the salt-free control. PCG was watered as follows: Week 1:
100 mM NaCl (5.84 g/L), Week 2: 200 mM NaCl (11.69 g/L), Week 3: 300 mM NaCl
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(17.53 g/L), Week 4: 400 mM NaCl (23.38 g/L). Wheat was watered as follows: Week 1:
25 mM NaCl (1.46 g/L), Week 2: 50 mM NaCl (2.92 g/L), Week 3: 75 mM NaCl (4.38
g/L), Week 4: 100 mM NaCl (5.84 g/L). At harvest, shoot and root height along with
fresh shoot and root weight was measured. After several days of drying, the shoot and
root dry weight was measured.
Treatments are as follows: Control with water, Control with NaCl, L2A1 Bacullus
circulans, L4A1 Bacillus haynesii, L5C1 Bacillus paralicheniformis, R3B1 Bacillus
subtilis, R4B1 Bacillus cereus, R5A1 Bacillus pumilus, and PCG-41 Brevibacillus
formosus.

5.4)

Results
As clearly shown in figures 5.1, 5.2, 5.3, 5.4, none of the endophytes

outperformed the controls in any factor. Some endophytes in certain measures performed
statistically similar to the controls but most endophytes underperformed in comparison to
the controls. Figure 5.1 shows PCG dry shoot weight has endophyte L4A1 as the highest
performing in group B as the control is in group AB and the salt control is in group A.
Figure 5.2 PCG dry root weight has R4B1 as group B while the control is in group A and
the salt control is in group AB. Figure 5.3 wheat dry shoot weight has endophyte R5A1
as the highest performing endophyte in group C while both controls were in group ABC.
Figure 5.4 wheat dry root weight had no endophyte that outperformed the control as all
were in statistical group A.
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5.5)

Discussion
There are several reasons why the experiment generated the results that it did.

There are factors that, if altered upon repeat testing, could change the data. The
experiment was not contaminated by fungi, viruses, or any other significant factor that
would indicate that the experiment was compromised.
Some endophytes are known to assist in germinating plants and applying
endophytes that may assist in germination, so applying those endophytes on pregerminated plants may limit their effectiveness. Other endophytes are known to assist
only in later stages of the plant life cycle, and some endophytes only interact with plant
leaves. That may also be why endophytes isolated from root tissues may have shown
more significant results as they may interact through the entire life cycle or generate their
greatest benefits in the plant’s immaturity. Some of the bacteria are naturally slowgrowing, and inoculating the seeds at .05 OD may have been too low. Inoculating the
seeds with a higher OD and allowing the plants to live a full life cycle would significantly
change the data and would be interesting to test further.
Testing winter wheat is another factor, as the mint variety is sensitive to salinity.
Changing the variety or the species of wheat could alter the results of the data. The
endophytes were obtained from mature PCG plants, and some may not symbiotically
interact with wheat as it too genetically dissimilar. Also, PCG is naturally tolerant of
salinity, and that can change the results derived from the experiment (Warren, 1985).
Future testing could include testing these endophytes with various plants of the Spartina
genus or testing with other crop plants.
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PCG, as a plant, has many unique physical factors. It is known to have unreliable
seed germination and viability, which contributed to the low rep count for each treatment.
Future experiments should focus on only using the heaviest and longest seeds for
experiments to maximize the possibility of using the highest vitality seeds (Boe, 2013;
James Stubbendieck, 2017). Successful plants in their niche are mature, over a year old.
PCG is also a plant that has much stronger saline and heavy metal tolerance than most
crop plants. It generates more biomass than switchgrass, even in shorter growing seasons.
It is capable of extracting salt, arsenic, and other heavy metals from the soil. It also relies
on rhizome growth as a primary means of propagation than seeds (Boe, 2017; Boe, 2009;
Bonilla-Warford, 2002; Friesen, 2015; Korzeniowska, 2015; Malinowski, 2000; Potter,
1995; Rofkar, 2011; Skinner, 2009). PCG germinated from seeds has the lowest vitality
in comparison to using rhizome rootstock for propagation. This shows that a short-term
experiment with seeds may not have been the optimal method for testing. Pot size was
also narrow, and plants that propagate through rhizome activity prefer wider pots to allow
space for rhizome and culm development. Future experimentation may benefit from using
wider containers.
The salt used in the experiment was lab-grade NaCl. In outside ecosystems, the
salt can be a combination of cations and anions. This means that in addition to sodium
and chlorine, the endophytes may assist the plant in tolerating saline stress from salt
molecules made up of potassium, nitrogen, phosphorous, oxygen, magnesium, or even
heavy metals. The endophytes may help with other variations of salt found in the soil, but
may not provide their full benefits when not exposed to certain saline or sodic
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combinations (Ahsan, 2018; Jones, 2003; Khalid, 2016; Nahmina, 2018). Testing these
endophyte’s reactions to various salts would be worth testing for in the future.
This was a greenhouse experiment. In outside ecosystems, these bacteria may not
provide benefits to the plants alone but provide benefits in combination with other
endophytes. Such bacterial interaction did not occur in the greenhouse experiment. Future
experimentation with combinations of endophytes would be interesting.
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Figures

Figure 5.1: Wheat shoot weight after 10 days of drying. Seeds were surface sterilized,
then inoculated with PBS, PBS with salt or endophytes at .05 OD. The seeds were not
pre-germinated. The seeds were placed in the soil substrate and grown for several weeks
then harvested. The plants were watered with increasing levels of salinity except the salt
free control.
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Figure 5.2: Wheat root weight after 10 days of drying. Seeds were surface sterilized, then
inoculated with PBS, PBS with salt or endophytes at .05 OD. The seeds were not pregerminated. The seeds were placed in the soil substrate and grown for several weeks then
harvested. The plants were watered with increasing levels of salinity except the salt free
control.
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Figure 5.3: PCG biomass of dry shoot weight after 5+ days of drying. Seeds were surface
sterilized, then inoculated with PBS, PBS with salt or endophytes at .05 OD. The seeds
were pre-germinated. After several days the germinated seeds were placed in the soil
substrate and grown for several weeks then harvested. The plants were watered with
increasing levels of salinity except the salt free control.
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Figure 5.4: PCG biomass of dry root weight after 5+ days of drying. Seeds were surface
sterilized, then inoculated with PBS, PBS with salt or endophytes at .05 OD. The seeds
were pre-germinated. After several days the germinated seeds were placed in the soil
substrate and grown for several weeks then harvested. The plants were watered with
increasing levels of salinity except the salt free control.

